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INTRODUCTION. 


Th, degree of « ” 

evolution is the natural order of events in ' our Solar Syt an apprecia Uon of temporal 
terms of bulk physical, mineralogical P developed mineralogical bases for the chemical 

variations) Previously, Rt«m.«« ^ ^ ^Ss", silicate fraction of come, nuclei, 

evolution of cometary nuclei primarily ith g »rnected and that indications of likely 

We suggested that alteration of solids in environmenu 

reactants and products can be derived from judicio P . j further development of this 

^"iid" TOSS S" relatively mature comets, e.g. P/come, Halley. 
grai^K^^^ 

The database for prediction of comet nuclei 

^ rsstfrs. 

that these particles are extraterrestrial in or g [ y * , 10851 Two chondritic porous 

S55SS 

others have been studied in sufficient detail [Mackinnon and Rietmeijer, 198 ]. 
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OBSERVATIONS. 


of individual CP IDPs WTOlSS'imd Electron Microscope studies 

W7029A23 and W7029A24 by the JSC Curatorial Fariiir^ i u 5 Pr ° / ded t ^ v ° se P arate allocations 
allocation has been examined for mineral identity (i e sfriir 1 ) ^ the n ? a j° r,t >' of grains within each 
srain size and shape. The dimensions”? y «* 

transmission electron micrographs (with a precision of *7%! ^ IPT* h ? been measured from 

grain size. This size is calculated by the relation {a^b^^where a^d bt ? r * r °T mean ‘ square (rms) 
across a grain. 1 ' whcre a and b are tw ° orthogonal dimensions 


given in MackVnnon^n^ Rklme 0 ^ 311 ?^ 33 “ their inter Pretations, are 

11989], For simplicity, not ah gXs 23£ *ch l£p a“ uSis“d “ d 

grams and grains which are Dart of the IDP m a fr ; r * * • ! !f!* • * * his study * ° nl y non-carbonaceous 

Figures 1 aid 2. Thus the d£a for ' nCl “ d5d “ ,h ' histograms shown i„ 

and rod-shaped silicate crystals [Rietmeijer, 1989] while t'he'dare'foMDP WxS/exchidT* e “^' dral 

M™ct"n“t C i l 985a n ] 1PGC1 " WhiCh C ° ns,i, " ,e - 45% of al > ta ">« IDP [Rietmeijer an” * 

unid^tlfied^drtrar^tts^rad'ley,^I98g^ , Rie^eljer e, ?M9f ^he* pr»f rP *'° U f c ? r * >on «* - ~ 

suggests a low thermal regime (< ~250°C1 in th* JkJh « i™* presence of these carbonaceous species 

Rietmeijer and MacWnZ 1985b] S Sr ca o IDP wToMCl Th^*?' 1986 ' 

the PGC basal spacing is consistent witi a ^ll regil of^300.c ,„ ?hl mp^'? 8 fr0m 

.rs ss: stz^trs; ssss?.^ ■ -? “ 

chemical signature of al^ineS^^^^^^^ 

,1^°,?,^ *-* - -= »_ »r Ti . 

thotough interpretation obtain £ tothei^^^ “?* ’ 

of the lDP*^d SI ”J l ,‘” 1 ° f ■»"«*« »bich have aff«c,.d“?h«° bulk 
W70.0A2 and for 157 grains in’, DP W7029C, iJSSUIh ^ ' DP 


DISCUSSION. 


:S«=r~==sr - »■ 

and htocki^onf^Pgyf^dre^b^^M^Ude^undemand' 8111 ^ 'f“k evo,u .‘ io "- in cometary nuclei [Rietmeijer 
with time. Nevertheless, if' we^mSre «Sl ^varia tions of come, mineralog^ 

apparent that grain size distributions follow well-definedandnredirt.hiT, ^ In" 8 a8 ' nesis ' " is 
example, grain sizes during terrestrial diagenesis ^ 


eop- 



RMS GRAIN SIZE(Nanometer) 


FIGURE 1: Root-mean-square grain size distribution for 254 mineral grains in chondritic porous 
interplanetary dust particle W7010A2. 


CO 



FIGURE 2: Root-mean-square grain size distribution for 157 mineral grains in chondritic porous 
interplanetary dust particle W7029C1. 
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distribution in the original sediment which flattens and shifts to a higher mean grain size with further 
diagenesis. Also a concomittant decrease in porosity accompanies an increase in the median grain size in 
terrestrial sediments [Berner, 1980]. 

The rms grain size distribution for IDP W7010A2 [Figure 1] shows a distinct positive skewness which 
is markedly different from the much flatter distribution for IDP W7029C1 [Figure 2). Also, the mean rms 
grain size for each distribution differs, vi 2 . 96.85 nm (W7010A2) and 562.1 nm (W7029C1). These data 
suggest comparatively advanced diagenesis for IDP W7029C1 relative to IDP W7010A2 and is consistent 
with the higher thermal regime indicated for the former. Both IDPs are of the chondritic porous subtype. 
Yet, the moderately higher median grain size for IDP W7029C1 (1325 nm) compared to 1125 nm for IDP 
W7010A2 indicates a slightly lower porosity for the former and suggests that mineralogical evolution of 
cometary nuclei will be accompanied by subtle changes in grain size, and consequently also in nucleus 
porosity and density. Measured densities for chondritic IDPs are between 0.7 and 2.2 g.cm' 3 [Flynn and 
Sutton, 1988; van der Stap, 1986]. Unfortunately, the porosity of chondritic IDPs is poorly known but it 
may be as high as 90% for anhydrous chondritic IDPs and -70% for a layer silicate-rich IDP [Mackinnon 
et a/., 1987]. 

Assuming that (1) terrestrial diagenesis can be used to model the chemical, mineralogical and physical 
evolution of chondritic IDPs and (2) chondritic IDPs are samples of cometary dust, it will be a 
prerequisite to assess grain size distributions of chondritic IDPs. Comet nucleus models should consider 
differences in physical properties (grain size, porosity and density) on length-scales of at least -60 pm 
which is the size of the largest chondritic IDP presently collected from the Earth’s stratosphere. The 
extent and spatial variations with time of these differences within cometary nuclei will be different for 
individual comets and will depend on inherent comet nucleus properties such as ice-dust ratios, the 
structural state of dust, .the evolution of comet orbits and comet lifetime. 


CONCLUSIONS. 


Petrological analyses of chondritic porous IDPs suggest that grain size, density and porosity of comet 
nuclei may evolve during their lifetime in the Solar System. Effects of physical evolution, as well as 
chemical and mineralogical evolutions, in cometary nuclei may be subtle. The extent and spatial variations 
with time are presently unknown but it seems imperative for models of active short-period comets to 
consider the possibility of dust evolution. 

We believe that Analytical Electron Microscope analyses of chondritic IDPs, in conjunction with 
astronomical observations and theoretical modelling, will yield the data to mode! comet nucleus evolution. 
It seems obvious that putative evolutions of comet nucleus physical properties can place engineering 
constraints on a Comet Nucleus Sample Return Mission. For example, the mode of penetration (rotation 
or percussion) selected for a "smart nucleus penetrator" as a function of resistance encountered during 
descent into the nucleus may critically depend on pre-programmed density differences. Modelling the 
physical, chemical and mineralogical evolution of cometary dust properties will have a qualitative 
character until a successful Comet Nucleus Sample Return Mission. However, the possibility of comet 
nucleus evolution may have important implications for mission planning and the type of sample that will 
be returned. 
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